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(57) Abstract: The invention is a new architecture for a high frequency (HF) ballast with wireless communication interface. The 
new architecture integrates the RF wireless interface into the ballast. A user control transmits an RF control signal to a second 
antenna at the ballast site which provides the RF signal to the ballast which activates the fluorescent lamp. The ballast includes a 

transceiver/rec elver, a communication decoder, a power control stage and a power stage. The transceiver/receiver receives the RF 
signal and communicates it to the communication decoder which acts as an interface to the power stage control. The power stage 
control controls the power stage that activates the fluorescent lamp. The communication decoder, power control stage, power stage 
and transceiver/receiver are located within the ballast enclosure which is an important part of the invention. If the power stage control 
is digital it may be combined with the communication decoder into one microprocessor or digital controller such as an ASIC. The 
communication decoder may be a serial interface. The transceiver/receiver is an RF integrated circuit. The ballast further includes 
an isolator to isolate the transceiver/receiver from the first antenna. The isolator may be capacitive. 
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Architecture of ballast with integrated RF interface 



BACKGROUND OF INVENTION 

FIELD OF THE INVENTION 

The invention relates to a ballast architecture with wireless communication for 
5 activating a fluorescent lamp. More specifically, the invention relates to a ballast which 

includes a communication decoder, a lamp driver and a transceiver/receiver within the baUast 
enclosure. 

DESCRIPTION OF THE RELATED ART 

10 Lighting control in an office or commercial building has gone through several 

stages. The traditional control approach uses a separate control box outside the ballast, as 
shown in Figure 1. The central control management for the whole building can also control 
the lighting through the network. 

With the recent advancements in RF and semiconductor technology, wireless 

15 control is attracting more and more attentioa fi-om people in the lighting industry. Currently 
there are some wireless control systems available in the market. A typical RF wireless control 
structure is shown in Figure 2. As can be seen in the figure, the wires between the wall unit 
and the control box in Figiye 1 are replaced by a transmitter and receiver. This eliminates the 
vertical wiring and brings wireless advantages. However, the control box is still outside of 

20 the ballast. 

An additional problem with prior art RF systems is isolation. For safety 
reasons, when the RF receiver/transceiver is wired to the ballast, there has to be some 
interface for high voltage isolation. This adds cost and complexity to the whole system. 
Figure 3 shows the problem. The current state of the art uses a transformer or opto-isolation. 
25 Figure 3 also shows the structure of the ballast. The digital decoder is used to decode the 

control command coming from the control box, it can be a microprocessor. The lamp driver 
consists of the power stage and the control IC. The power stage includes the high voltage 
driver, protection circuits, power storage and filter elements. The state-of-the-art for the 
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control IC is the Alpha-based analog IC for controlling the power stage. Reference for Alpha 
IC is US 5,680,017 and US 5,559,395. 

The current approach of lighting control faces the following challenges: 
Cost: adding a separate box coimected to the ballast increases the cost. 
5 2. Power savings: if the power consumption information can be fed back from 

ballasts, the central management can easily improve the energy utilization. However, with the 
analog ballast, it is not easy to build a two-way commimication luik without extra cost. 

3. Resolving the high voltage isolation problem described previously. 



LO SUMMARY OF THE INVENTION 

The invention is a new architecture for a high frequency (HF) ballast with 
wireless communication interface. The new architecture integrates the RF wireless interface 
into the ballast. A user control transmits an RF control signal to a second antenna at the 
ballast site which provides the RF signal to the ballast which activates liie fluorescent lamp. 

15 The ballast includes a transceiver/receiver, a conamunication decoder, a power control stage 
and a power stage. The transceiver/receiver receives the RF signal and conamunicates it to the 
communication decoder which acts as an interface to the power stage control. The power 
stage control controls the power stage that activates the fluorescent lamp. The 
communication decoder, power stage control (analog or digital), power stage and 

20 transceiver/receiver are located within the ballast enclosure which is an important part of the 
invention. If the power stage control is digital it may be combined with the communication 
decoder into one microprocessor. The communication decoder maybe a serial interface. The 
transceiver/receiver is an lyp integrated circuit. The ballast ftirther includes an isolator to 
isolate the transceiver/receiver from the second antenna. The isolator may be capacitive. 

25 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a prior art traditional control approach using a separate control box 
outside the ballast. 

FIG. 2 shows a typical prior art RF wireless control structure. 
30 FIG. 3 shows a prior art RF wireless system with isolation 

FIG. 4 shows a new inventive architecture for high frequency (HF) digital 
ballast with wireless communication interface. 

FIG. 4a shows a block diagram of the operation of the inventive architecture 

of FIG. 4 
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FIG. 5 shows a functional block diagram of a working implemmtation of the 
inventive ballast with an integrated RF interface. 

FIG. 6 shows a detailed schematic diagram of the working implementation of 

FIGS. 

5 FIG. 7 shows an embedded antenna on a printed circuit board. 

FIG. 8 shows how RF signals travel through the plastic ballast case and plastic 

light fixture cover. 

FIG. 9 is a half wavelength slot antenna for a metal cased ballast, 
FIG. 10 is a functional block diagram of a handheld remote control for the 
1 0 inventive architecture of FIG. 4 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a prior art traditional control approach using a separate control box 
outside the ballast. The control box 10 is wired to one or more ballasts 12. It is also 

15 connected with a wall unit 14 that acts as a network interface to communicate with the central 
control manager for the whole building through the wired network 16 as shown in Figure 1. 
The control box 10 normally has a microcontroller 18 with a digital to analog converter 
(DAC) 20 inside. It can tum on/off and dim the ballast for fluorescent (TL) lamps. The 
central control management for the whole building can also control the lighting through the 

20 network. 

In Figure 2, the wires between the wall unit 14 and the control box 10 in 
Figure 1 are replaced by a transmitter 24 and receiver 26. This eliminates the vertical wiring 
and brings wireless advantages. However, the control box 28 is still outside of ballast 12. 

Figure 3 shows an additional problem of isolation with current state of the art 
25 RF wireless systems. For safety reasons, in Figure 3 when the control box 28 containing RF 
receiver 26 is wired to the ballast 30, there has to be some interface for high voltage isolation 
from lamp driver 34. The isolation comes from the use of a transformer or opto-isolation 32 
as the signals go through the interface as low frequency digital signals. This adds cost and 
complexity to the whole system. 
30 Figure 4 shows a new inventive architecture for a high frequency (HF) ballast 

with wireless communication interface. RF signals are transmitted from a user control 96 
having a first antenna 97 to a second antenna 1 12 in the new architecture. User control 96 
may include a wall unit 98 and first antenna 97 or a handheld remote control 150 (FIG. 10). 
The new architecture integrates the RF wireless interface into the ballast 100. The ballast 
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consists of an isolator 102, a transceiver/receiver 104 which is an RF integrated circuit (IC), a 
communication decoder 105 and a lamp driver 106. The lamp driver consists of power stage 
107 and power stage control IC 108. The communication decoder 105 is digital. The power 
stage control IC 108 can be a digital or analog IC. If a digital power stage control IC is used, 

5 the communication decoder 105 and the digital power stage control IC 108 can be combined 
into one digital controller 110 such as a microprocessor or an ASIC. If the power stage 
control 108 is analog, then it is separate from conmiunication decoder 105. They may be on 
separate IC's or they could be combined on a mixed signal ASIC. The conmiunication 
decoder 105 may be a serial interface. Digital controller 110 may be a digital controller such 

10 as a, P6LV IC, developed at Philips Research USA in Briarcliff Manor, NY, or any other 
microcontroller that has the required peripherals such as ADC and PWM, or the resources 
that allow the users to build these peripherals by themselves. Second antemia 1 12 needs to be 
isolated from the rest of the circuit, therefore, isolator 102 provides isolation between second 
antenna 1 12 and transceiver/receiver 104. Isolator 102 may be a capacitive network 116 

1 5 made up of a pair of capacitors. The isolation can be built with a simple capacitive network 
since the signals are at Radio Frequency. In addition, in the case that a plastic enclosure is 
used for a ballast and the antenna does not have to stick outside of the ballast can, this 
isolation can be avoided. This is in contrast to the previously referred to prior art where the 
transceiver/receiver is outside the ballast and is hardwired to the ballast. In that case there 

20 needs to be high voltage isolation between the ballast and the transceiver/receiver which adds 
complexity and cost. 

Transceiver/receiver 104 is used as a front end to modulate/demodulate 
baseband signals. It interfaces" with digital controller 110, through communication decoder 
105. Since communication decoder 105 and power stage control IC 108 (if digital) can be 

25 combined into one microprocessor instead of two separate microprocessors, this elinainates 
any extra components. The P6LV IC is a 8051-based dedicated microcontroller designed for 
Ughting. It not only has the capability of a standard 8051 microcontroller, but also the 
peripherals needed for controlling the lamp gear. Another alternative, the P8XC51 
microcontroller is also from the 8051 family. The baseband signals coming out of the 

30 transceiver/receiver 104 are processed by the digital controller IC 1 1 0 and provided to power 
stage 107 having a high voltage output to energize a fluorescent lamp . 

The new architecture has the following features: All the modules for control 
are in one ballast box 1 1 8. No separate control box is needed. This results in significant cost 
reduction. In addition, with wireless control, the cost of wiring is eliminated and makes it a 
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much better solution for retrofit market. Also because the conummication decoder and power 
stage control (or digital controller 1 10) are in the ballast, more control features can be 
implemented, such as binding a group of lamps into one remote controller. The 
communication can also be made bi-directional. The information on the lamp operation, such 

5 as the power consumption, can be fed back in real-time. This leads to effective power 

utilization and savings. In addition, the isolation 102 can be built with a simple capacitive 
network since the signals that go through are high frequency. With the RF section 104 inside 
the ballast, the isolation interface can be much simplified. 

FIG. 4a shows a block diagram of the operation of FIG. 4. The operational 

10 block diagram of Figure 4a contains three sections : Radio transceiver 104, microcontroller 
1 10 and lamp driver 106. Radio transceiver 104 receives/transmits data firom second antenna 
1 12 ttirough the air interface. In the receiving mode, it passes the demodulated data to the 
microcontroller 110 for processing. In the transmitting mode, it modulates the data from the 
microcontroller 110 and passes on the data to the second antenna 1 12 and the air interface. 

15 Microcontroller 1 10 controls the radio and does the baseband processing. On top of the 
communication protocol, it also contains the application program that tells the ballast to 
operate the lamp in a certain way. The other responsibility for the microcontroller 1 10 is to 
control the lamp driver 106, which drives the high voltage stage of the ballast. The high 
voltage portion is directly connected to the lamps (not shown). 

20 Figure 5 shows a functional iDlock diagram of the implementation of a digital 

addressable ballast with RF interface. It contains two boards, the main board 116 and the RF 
interface board 118. The main board 116 contains the lamp driver 106 (from FIG. 4) which 
includes filter and rectifier 120, up-converter 122, half-bridge 124 and lamp current detection 
circuit 126. The output of half bridge rectifia: 124 goes to fluorescent lamp 127. The 

25 interface board 118, HF-R digital module, is composed of RF transceiver 128, a 
microprocessor 130 and an EEPROM 132. 

Figure 6 shows the detailed schematic and block diagram of the 
implementation of the interface between the RF transceiver 128 and the ballast controller 
130. As seen in the figure, Ul(TRlOOl) is the radio transceiver 128 by RF Monolithics, and 

30 IS2 (P8XC5 1 -QFP) is the microcontroller 1 30 by Philips Semiconductors which serves as the 
ballast controller and controls the RF transceiver 128. The control signals firom 
microcontroller 130 (pin 9, 10, 40, and 43) also go to the lamp driver 106 that is not shown m 
the figure. A memory 132 used for microcontroller 130 is also shown. The antenna is set at 
ANTl and A1SIT2 that are connected to the R_IO pin of the transceiver (Ul). 
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For the ballast with integrated RF interface, one important issue is how to get 
the radiation outside the ballast. There are several ways to design the antenna. Figure 7 shows 
the embedded antenaa 140, which is a metal trace put on the printed circuit board (PCB) 142. 
This works because the RF signals go through the plastic case 144 of ballast 100 and the 

5 plastic cover 144 of the light fixture, as shown in Figure 8. Another option is a 

halfwavelength slot antenna 146 shov^m in Figure 9. This is a solution for metal cased ballast. 

The proposed ballast with RF interface can be used together with a handheld 
remote control in a wireless lighting control system. The handheld remote control should 
contain the same RF transceiver and communicate with the ballast using a wireless 

10 communication protocol the same as user control 96 in FIG. 4. Figure 10 shows the block 
diagram of the remote control 150. It consists of the RF transceiver 152, a microprocessor 
1 54 or other type of digital control IC, and a user interface 156 such as key pads for user 
request in and certain type of display (e.g. LEDs) to give indications of the operating status. 

While the preferred embodiments of the invention have been shown and 

15 described, mraierous variations and alternative embodiments will occur to those skilled in the 
art. Accordingly, it is intended that the invention be limited only in terms of the appended 
claims. 
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1 . An apparatus for activating a fluorescent lamp, the apparatus including a first 
antenna (1 12) for receiving an RF control signal and providing it to a ballast (100) comprised 
in the apparatus, the ballast (100) comprising: 

- a power stage (107) for providing a high voltage signal to activate said fluorescent lamp, 
5 _ a power stage control (108) for controlling said power stage (107), 

- a communication decoder (1 05) for acthxg as an interface to said power stage control 

(108), 

- a transceiver/receiver (104) for receiving said RF control signal and providing said RF 
control signal to said communication decoder (105); 

10 - a ballast box (118) comprising said communication decoder (105), said power stage 
control (108), said power stage (107) and said transceiver/receiver (104). 

2. The apparatus of claim 1 in which said communication decoder (105) is a 
serial interface. 

15 

3. The apparatus of claim 1 in which said transceiver/receiver (104) is an RF 
integrated circuit. 

4. The apparatus^ of claim 1 in which said ballast (100) further includes an 
20 isolator (102) circuit to isolate said transceiver/receiver (1 04) from said second antenna 

(112). 

5. The apparatus of claim 4 in which said isolator (102) circuit is capacitive 
(116). 

25 

6. The apparatus of claim 1 including a user control (96) which transmits an RF 
control signal from a second antenna (97) to said first antenna (1 12). 
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7. The apparatus of claim 1 in which the power stage control is a digital power 
stage control. 

8. The apparatus of claim 1 in which said RF transceiver/receiver (104), said 
communication decoder (105), said power stage control (108) and said power stage (107) are 
integrated into one single IC. 
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